A consistent kojic acid producing fungal strain has been isolated from rice husk using glucose-peptone medium. The isolate was identified as Aspergillus sojae SSC-3 on 18S rDNA analysis. A. sojae was capable of producing substantially good amount of kojic acid, however the production was varying from batch to batch. In order to obtain consistent, repeated and high levels of kojic acid, monospore isolation procedures was adopted. The highest production of kojic acid obtained was 12 ± 2 g/L in 120 h with sucrose (10%) and yeast extract (0.5%) as carbon and nitrogen source respectively. The process was scale up to 10 L fermenter size which repeatedly resulted in the production of 18 ± 2 g/L of kojic acid in 96 h. Kojic acid was recovered (> 82%) from the fermentation broth with > 99% purity. Best to our knowledge this is the first report were kojic acid production is reported from Aspergillus sojae strain.
Introduction
Kojic acid (5-Hydroxy-2-(hydroxymethyl)-4H-pyran-4-one) is a natural organic acid with the molecular formula C 6 H 6 O 4 . It is widely used in cosmetic and health care industries. Kojic acid primarily functions as the basic material for the production of skin whitening creams, skin protective lotions, whitening soaps and tooth care products [1] [2] [3] . It has the ability to act as the ultra violet protector, whereby, it suppresses hyper-pigmentation in human skins by restraining the formation of melanin through the inhibition of tyrosinase formation, the enzyme that is responsible for skin pigmentation [1, [4] [5] [6] [7] [8] . It works by inhibiting formation of pigment by suppressing specific amino acids. The components of kojic acid competes or blocks natural enzymes that allow creation of these pigments so that the colours do not form [9] [10] [11] [12] .
Kojic acid is a secondary metabolite mainly produced by the fungi Aspergillus oryzae, Aspergillus flavus, Aspergillus tamarii, Penicillium citrinum, Penicillium griseofulvum, Penicillium purpurogenum, Penicillium rubrum and by certain bacteria in the stationary phase of growth [13] [14] [15] [16] [17] [18] . Kojic acid and its derivatives also possess antibiotic properties against gram-negative as well as gram-positive microorganisms [18] [19] [20] [21] . It is also used as a pain killer and antiinflammatory drug. Kojic acid can be used as antioxidant iron chelator for topical treatment of wound healing. It can be used as an effective and safe anti-diabetic agent [22] [23] [24] . The high demand of kojic acid in the recent decades shows that the production of this organic acid must increase. This can be seen when the U.S. Food and Drug Administration (FDA) has banned on over-the-counter sales of cosmetic products containing hydroquinone, on August 29, 2006 [5, 25] . The natural origin of kojic acid, which ensures its non problematic biodegradation, makes it an attractive basic skeleton for the development of biologically active compound via derivatization. Although different reports has been published on optimization of physico-chemical conditions however, the batch fermentation size, poor mass transfer, high cost of cultural medium and most importantly consistent kojic acid production is always a point of concern for the scientists [26, 27] .
The scope of the present study is focussed to develop a process that aimed to establish high and consistent production of kojic acid fermentation process using local isolate, Aspergillus sp. and subsequently making of kojic acid derivatives from the purified kojic acid which may be advantageously be used in pharmacology.
Materials and methods

Chemicals
Kojic acid was purchased from Sigma (USA). Other chemicals used were of analytical grade from Hi-Media (India) and Sisco Research Laboratories (SRL). However, table sugar (sucrose) used during the course of study was of commercial grade.
Screening and isolation of kojic acid producing fungi
Different fungi were isolated from soiled rice and wheat husk using glucose peptone medium. These brans 1.0 g each were added separately to 100 mL of complete medium containing (g/L): glucose, 40; peptone, 5; malt extract 2; K 2 HPO 4 3; KH 2 PO 4 , 1 and MgSO 4 ·7H 2 O 0.5 in a 250 mL Erlenmeyer flask. Ampicillin (50 μg/mL) was added to minimize bacterial growth. The samples were incubated at 28 °C for 120 h at 200 rpm to enrich for fungal isolation. The enriched cultures were then serially diluted with sterile distilled water and plated onto potato dextrose agar plates. The plates were incubated at 28 °C for 72 h, and colonies with the morphology typical of fungal mycelia were used for further study. About 65 isolated colonies of fungus were further screened qualitatively for their kojic acid production abilities by ferric chloride plate and TLC plate method. The fungal strain showing significant kojic acid production was selected for further studies and was identified up to species level on the basis of Small Sub Units (SSU: 18S rDNA) 900 bp sequence analysis.
Ferric chloride plates for kojic acid detection
Screening of kojic acid producers were determined by two methods. (i) rapid detection of kojic acid was carried out by flooding the ferric chloride solution on the fungal grown PDA plates (ii) or by adding the ferric chloride solution in the medium before platting, in both the procedure the appearance of a deep red colour after desired incubation is the indication for the presence of kojic acid produced by the strain [28, 29] .
Analytical procedures
The qualitative determination of kojic acid was also carried out by TLC method. Accurate separation of kojic acid was obtained with absorption TLC, using ethyl acetate: methanol (85:15, v:v) as the mobile phase. Twenty microliters of culture filtrate obtained after fermentation was spotted separately on silica gel TLC plates along with a spot of 20 μl of standard kojic acid. The solvent was run up to 2/3 of the plate size. After the run, the plates were air dried and sprayed with 1% NaIO 4 . The plates were then heated and sprayed with 1% KMnO 4 . In addition, HPLC analysis were done to confirm preliminary identification by TLC and to quantitatively determine the concentrations. The selection of optimal conditions with respect to chromatographic performance and peak resolution was based on values of retention time (Rt), Quantitative detection of kojic acid was carried out by analysis on HPLC (Shimadzu RID 10A, LC-10AD pump, CTO-10AS column oven, Tokyo, Japan) using, C 18 column HPX-87H, 300 × 7.8 mm 2 , BioRad, USA, mobile phase of methanol: phosphate buffer (pH 3.0) at a flow rate of 0.8 mL/min and the analysis were carried out at 30 °C. The cultures were centrifuged at 6000 rpm for 10 min. The supernatant was taken and each sample was then filtered through membrane disc filters (0.2 μ). Twenty microlitre of each sample was loaded separately on to the HPLC column. Pure kojic acid was used as standard.
Monospore isolation procedure and inoculum preparation
The production of kojic acid was not consistent from Aspergillus sp. SSC-3, for which monospore isolation procedure was adopted [5] . The spores of Aspergillus sp. SSC-3 were repeatedly subculture on agar medium using pour plate technique and incubated at 28 °C for 6 days. The single colony or monospores of the F1 progeny obtained were transferred onto plate and incubated at 28 °C for 6 days for spore formation. Again the process was repeated and the spores of F2 progeny were screened for kojic acid production using the same procedure as described earlier.
Optimization of physiological and nutritional parameters for enhance kojic acid production
Optimization of growth parameters of Aspergillus sp. SSC-3 by one at a time method was carried out to improve the kojic acid production in shake flasks. Various physico-chemical and nutritional parameters including pH (3.0-8.0), temperature (25, 28 or 37 °C), carbon source (glucose, galactose, maltose, starch, arabinose, glycerol, mannitol, sucrose and fructose at a final conc. of 10%) and organic & inorganic nitrogen sources (peptone, tryptone, yeast extract, beef extract, corn steep liquor (CSL), ammonium chloride, sodium nitrate and ammonium sulfur at a final concentration of 5.0 g/L) were optimized. The concentration of chosen carbon and nitrogen source was further optimized for improved production of kojic acid and fungal biomass. All experiments were done at least thrice to ensure reproducibility.
Bioreactor studies for kojic acid production
Cultivation of Aspergillus sp. SSC-3 for kojic acid production and to check the scale up feasibility of its production in the bioreactors, different experiments were conducted in a 10 L bioreactor (Scigenics, India) with a working volume of 7.5 L. Optimized production medium was sterilized in situ at 121 °C for 20 min and inoculated with 50 mL of spore suspension (10 × 10 8 spores mL) % (v/v) and fermentation studies was carried out at temperature 28 °C, pH 5.0, and at 150 rpm for 120 h. The impeller speed was initially adjusted to 100 rpm and air flow rate during the fermentation process was maintained at 0.4 vvm . Foaming was controlled by addition of sterile silicon antifoam. The dissolved oxygen was not allowed to fall below a fixed set point of 20% by cascading. The fermentation parameters, such as temperature, pH, dissolved oxygen and airflow rate were continuously monitored using microprocessor-controlled probes. Samples were withdrawn at interval of every 24 h for kojic acid analysis by HPLC.
Purification of kojic acid from fermentation broth
The protocol of Ariff et al. [30] for the purification of kojic acid was adopted with few modifications. In brief, the fermentation broth (1L) was filtered with muslin cloth for the removal of fungal biomass and solid particles. The supernatant obtained was treated with 20 g/L of activated charcoal at 30 °C for 1 h and subsequently filtered. Samples were analysed for the determination of the initial concentrations of kojic acid by HPLC. The filtrate obtained was mixed with ethyl acetate 400 mL and remained on stirrer for 6 h. The fermentation broth was allowed to settle down over night at freezing temperature (2-4 °C). The settled crystals were collected, washed with diethyl ether and dried to obtain white crystalline solid. The form crystals were checked for its purity by 1 H NMR and property by measuring melting point of the crystal formed.
Results and discussion
Selection of potent kojic acid producer
A total of 64 fungal strains were isolated from different soiled wheat and rice bran samples and were screened for kojic acid (KA) production. Qualitative screening of kojic acid was carried out in a defined medium containing 1 mM ferric ion solution. KA forms a chelated compound with ferric ions and subsequently generates a red colour in the plates (Fig. 1a, b ). TLC analysis further showed the presence of kojic acid in the fermentation broth ( Fig. 1c ). Out of 64 isolate SSC-3 was found to be the potent kojic acid producer with a concentration of 1.8 g/L.
Monospore isolation procedure and inoculum preparation
The isolated fungus Aspergillus sojae SSC-3 a potent kojic acid producer was not able to give consistent production of Kojic acid. The production yields varied from batch to batch. Similar findings has been reported by Ariff et al., [26] they reported that most of the higher fungi exist as a heterokaryons, in which genetically dissimilar nuclei share the same mycelia. The fungi can also exist as homokaryons when the colonies contain genetically identical nuclei. In order to obtain uniform production of kojic acid, monospore isolation technique was adopted to obtain genetically similar nuclei i.e. homo-karyons having the capability to produce high levels of kojic acid uniformly.
Pour plate method was adopted to obtain single spore colonies. A total of 24 single colonies were purified from progeny F1, all colonies produced yellow green spores and varied in the ability of production kojic acid. However, progeny F2 showed two types of colonies (i) green spores surrounded by white mycelia (Fig. 2a ) (ii) yellow green colonies (Fig. 2b) . Progeny F2 colonies having green spores with white mycelia produced higher amount of kojic acid than yellow green spores. Progeny F2 having yellow green spores may had heterokaryon, genetically distinct nuclei. It is documented in literature fungi do have genetically diverse nuclei, phenomenon is peculiar, but common in the fungi. 95% of all known fungal species is named for its characteristic heterokaryons with exactly two genetically distinct nuclei [31, 32] . These heterokaryosis is responsible for reduction in the production of secondary metabolite in fungi during fermentation [26, 33] . Thus, isolate SSC-3 from the progeny F2 was selected for further studies. On the basis of morphological, biochemical and partial 18S rDNA analysis, isolate no. SSC-3 was identified as Aspergillus sojae SSC-3 (Fig. 2c,  d) . Nucleotide homology and phylogenetic analysis of isolate SSC-3, showed similarity with Aspergillus sojae, strain PRK-2 (Accession Number: KJ938684.1). The 18S rDNA sequence has been deposited in the NCBI database with accession number MF037883. Thus, the fungal strain identified as Aspergillus sojae was maintained on PDA medium slants and grown in glucose peptone medium at 28 ± 1 °C for 72 h at 200 rpm. This monospore SSC-3 having stable homokaryon, produced consistent amount of kojic acid in repeated fermentation batches.
Process optimization for maximum kojic acid production
Initially, 1.8 g/L of kojic acid was produced in glucose peptone medium inoculated with A. Sojae (SSC-3) incubated at 28 ο C, 200 rpm for 120 h. The optimization for the production of kojic acid by one variable at a time (data not shown) showed that replacing of glucose (10%) and peptone (0.2%) with sucrose (10%) and Yeast extract (0.5%) respectively has significant increase on the production of kojic acid, but increasing or decreasing the concentration of salts does not effect the production of kojic acid. The optimum level of KH 2 PO 4 and MgSO 4 were 0.1% and 0.05% respectively. Production was feasible within the pH range of 3.5-7.5 with maximum production at pH 5.0. This all resulted in the production of 12 ± 2 g/L of Kojic acid at 28 °C in 120 h. It is well documented that sucrose and glucose are the preferred carbon sources for the production of kojic acid [5, 34] . In the present study, sucrose is the best carbon source, similar finding has been obtained by Wei et al., [35] where in they reported that sucrose as the better carbon source than glucose for the production of kojic acid using A. Candidus strain. However, El. Aasar [36] reported 60 g/L of glucose as the better carbon source for kojic acid production. Yeast extract has been reported as the most preferred organic nitrogen source for kojic acid production as compared to peptone and polypeptone [5, 34, 37] . Similar observations has been observed in the present study wherein, when peptone was replace with 0.5% yeast extract, a significant increase in the production of kojic acid was observed. High amount of carbon source and limiting nitrogen source is a key feature for the enhanced production of kojic acid as reduction in nitrogen source concentration will limit the growth of the organism, so the remaining carbon source in the broth can be converted into kojic acid by the activity of cell bound enzyme of non-growing mycelial cells [37, 38] .
Bioreactor studies for kojic acid production
Kojic acid production was scaled up in 10 L bioreactor in the optimized production medium with the final working volume of 7.5 L. Different permutation combination experiments were tried in the bioreactor. A typical time-course of biomass and kojic acid production from Aspergillus sojae SSC-3during the batch cultivation is shown in Table 1 . During the fermentation period, the fungal growth started markedly after 24 h and reached maximum in 96 h with the dry wt. 3.67 g/L. The rate of kojic production was enhanced when cell growth had ceased after 24 h of cultivation. The maximum kojic acid production obtained in the final optimized conditions was 18.2 g/L with the final productivity of 0.18 g/L/h. During the course of fermentation, pH of the medium increased from 5.0 to 6.2. However, the acid production time decreased from 120 to 96 h comparative to shake flask experiments. Similar results has been obtained by Ogawa et al. [39] , who reported that the maximum yield of kojic acid was around 20 g/L formed by A. oryzae NRRL 484 using shaking culture. In fermentation since many of the parameters like aeration, controlled oxygen transfer, agitation can be controlled thereby the decrease in production time could be observed. Controlling these physical parameters supported both higher growth and rapid production. The reduction in production time supported the fact that the optimized process is economically viable and can be put to large scale production of kojic acid, with further optimizations at pilot scale.
Purification of kojic acid
Three step purification process was developed to obtained kojic acid crystals from the fermentation broth. To remove and dissolve all colour impurities, the fermentation broth (2 L) was first treated with 20 g/L activated charcoal. The filtrate obtained after charcoal treatment was extracted in ethyle acetate for 6 h this was followed by concentrating the broth in the rotatory vacuum evaporator at 50 °C, 74 psi to obtain 300 mL condensed viscous liquid which was subsequently desalinated by precipitation. The filtrate obtained was kept at 2-4 °C for crystallization. Higher final concentrations of kojic acid in solution caused kojic acid to crystallize in the form of fine needles. The HPLC analysis of the kojic acid crystals revealed very insignificant impurity peak. Recovery of the kojic acid was also high which is around 82.24%. However, the purified crystals of kojic acid were subjected to melting point determination and NMR analysis which showed m.p. 152-154 °C and same spectral pattern [(δ 3.83-3.75 (m, 2H), 3.73-3.59 (m, 4H)] as that of pure kojic acid (reference compound) confirming 99% purity in a pure crystallized form (Fig. 3 ).
Conclusions
In this study, a promising kojic acid producing strain was isolated from rice bran which was further identified as Aspergillus sojae SSC-3. Stable homokaryon with the ability to produce high and consistent levels of kojic acid was successfully achieved by monospore screening technique. The production was scaled up in a 10 L bioreactor finally resulted in 18.20 g/L of kojic acid. The study showed simple isolation procedure of kojic acid from the fermentation broth with the recovery of more than 82.24% with very high of purity of more than 99%. Kojic acid and its derived derivatives provide better platform for the synthesis of novel kojic acid derivatives which are presently needed in cosmetics industry. 
